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DESCRIPTION 


DEVICE AND METHOD FOR JOINING CERAMICS STRUCTURAL BODY 


5 Technical Field 

The present invention relates to a device and method 
for bonding ceramic structural bodies, particularly, ceramic 
honeycomb structural bodies. 

10 Background Art 

When producing a ceramic structural body with a large 
diameter, a method of first forming a number of ceramic 
structural bodies with small diameters and bonding them to 
form a ceramic structural body with a large diameter may be 

15 more preferable than directly producing a ceramic structural 
body with a large diameter. A honeycomb structural body 
made of ceramics used as a filter for particulate matter or 
as a catalyst carrier for an exhaust gas purification 
apparatus, for example, may be exposed to an extreme 

20 temperature change and the like according to the 

environment. Depending on the temperature characteristics 
of the materials forming the ceramic structural body, 
fabricating a structural body with a large diameter by 
bonding a number of structural bodies with small diameters 

25 may be more preferable than directly producing a structural 
body with a large diameter. In the case of a catalyst 
carrier for an exhaust gas purification apparatus, a wall in 
the structural body is made thinner in order to reduce the 
pressure loss, increase the effective catalytic area and the 


like. For manufacturing a ceramic structural body with such 
a thin wall, fabricating the structural body by bonding 
structural bodies with small diameters may be more 
preferable than directly forming the structural body with a 
large diameter in terms of an increase in the production 
yield. 

Conventionally, in the process for producing a ceramic 
structural body with a large diameter by bonding a number of 
ceramic structural bodies with small diameters, the bonding 
work has been carried out by hand. Such manual work 
comprises, for example, bonding a ceramic structural body A 
with a ceramic structural body B to obtain a ceramic 
structural body C, bonding the ceramic structural body C 
with a next ceramic structural body D to obtain a ceramic 
structural body E, bonding the ceramic structural body E 
with a next ceramic structural body F to obtain a ceramic 
structural body G, and so forth. However, this method has 
the following problems . 

(1) Increase in working efficiency is limited. 

When fabricating a ceramic structural body with a very 
large diameter, the number of ceramic structural bodies with 
small diameters to be bonded may unduly increase, resulting 
in an increase in the amount of work involved. Since the 
number of bonding operations required is equivalent to [(the 
number of required structural bodies with small diameters) - 
1]. a great deal of manpower is required for obtaining one 
large diameter ceramic structural body, which increases the 
cost . 

(2) Increase in product quality is limited. 


When bonding two or more ceramic structural bodies, a 
bonding agent is applied to the surfaces of the ceramic 
structural bodies to be bonded and two ceramic structural 
bodies are pressed from the outside. In this instance, even 
if the bonding agent is uniformly applied to the surfaces to 
be bonded, the pressure may not be uniformly transmitted, 
giving rise to an uneven distance between bonded surfaces. 
Specifically, it is difficult to bond two ceramic structural 
bodies having completely parallel bonded surfaces. If a 
ceramic structural body is dried under such bonding 
conditions, cracks tends to occur between the bonded 
surfaces, resulting in low strength of the fabricated 
ceramic structural body. 

When fabricating a ceramic structural body with a 
large diameter by bonding a number of ceramic structural 
bodies with small diameters, the ceramic structural bodies 
with small diameters having the same configuration and 
dimensions are used in many cases. It is difficult to 
accurately position the bonding surfaces of these ceramic 
structural bodies, even if these are placed on a flat plane. 
As a result, a fabricated ceramic structural body may have 
positional gaps in the vertical and horizontal directions. 
Such a ceramic structural body is undesirable, because it 
has a low open frontal area, which gives a low effective 
filter area and a great pressure loss. As a result, the 
filter performance is adversely affected. 

Disclosure of the Invention 

The present invention has been completed in view of 


this situation and aims to provide a device and method for 
bonding ceramic structural bodies which may give accurate 
positioning of the bonding surfaces of small ceramic 
structural bodies, give a uniform distance between bonded 
5 surfaces, and reduce the number of bonding operations, 
thereby affording an excellent working efficiency when a 
large number of the small ceramic structural bodies are 
bonded to form a large ceramic structural body. 

As a result of studies and researches on the 

10 conventional problems, it has found that the above object 
can be achieved by the way discussed below. 

Specifically, the present invention provides a device 
for bonding ceramic structural bodies with a bonding agent, 
wherein in the state in which a set of ceramic structural 

15 bodies provided with the bonding agent between bonding 

surfaces of the structural bodies and provided with elastic 
sleeves disposed on a peripheral surface of the set of the 
structural bodies are placed in a tubular container with an 
elastic sheet disposed between the elastic sleeves and the 

20 tubular container, the device charges a hydrostatic pressure 
medium between the tubular container and the elastic sheet 
to press and bond the structural bodies. 

In the device for bonding the ceramic structural 
bodies of the present invention, it is preferable that the 

25 elastic sleeves are made to contact with the ceramic 

structural bodies and made to be compressed by pressing at a 
high pressing speed, then the ceramic structural bodies are 
made to be pressed at a low pressing speed. It is 
preferable to use a bonding agent comprising a ceramic 


5 

material as a main raw material. In addition, both the 
elastic sheet and the elastic sleeves are preferably made of 
a rubber material to bond vulnerable ceramic structural 
bodies without damage. 
5 Ceramic structural bodies with a square cross-section 

are preferably bonded with the device of the present 
invention, because the bonding surfaces of the square 
ceramic structural bodies can be accurately positioned in 
any directions in a tubular container using elastic sleeves. 

10 In addition, the device of the present invention can be 
suitably used when the ceramic structural bodies are 
honeycomb structural bodies. 

"bonding" in the present invention is not limited to 
the operation of pressing to expel the bonding agent present 

15 between the bonding surfaces, but also includes the 

operation of freely adjusting the distance between the 
bonding surfaces by controlling the amount and viscosity of 
the bonding agent present between the bonding surfaces, as 
well as by controlling the pressure applied via the elastic 

20 sheet and elastic sleeves. 

The present invention also provides a method for 
bonding ceramic structural bodies, wherein the method 
comprises: a first step of forming a set of the ceramic 
structural bodies by applying a bonding agent between 

25 bonding surfaces of the structural bodies; a second step of 
disposing elastic sleeves on a peripheral surface of the set 
of the ceramic structural bodies; a third step of placing 
the ceramic structural bodies having the elastic sleeves in 
a tubular container with disposing an elastic sheet between 


the elastic sleeves and the tubular container; and a fourth 
step of charging a hydrostatic pressure medium between the 
tubular container and the elastic sheet. 

5 Brief Description of the Drawings 

Fig. 1 is a cross-sectional view schematically showing 
one embodiment of the device for bonding ceramic structural 
bodies of the present invention. 

Fig. 2 is a sectional plan view schematically showing 
10 one embodiment of the device for bonding ceramic structural 
bodies of the present invention. 

Figs. 3(a) to 3(h) are perspective views schematically 
showing the steps in the method for bonding ceramic 
structural bodies of the present invention, wherein the top 
15 cylinder is omitted for convenience of description. 

Best Mode for Caring Out the Invention 

The device for bonding ceramic structural bodies of 
the present invention is a device suitably used for two or 
20 more ceramic structural bodies with a bonding agent. The 

device for bonding ceramic structural bodies of the present 
invention is characterized in that, in the state in which a 
set of ceramic structural bodies provided with the bonding 
agent, preferably comprising a ceramic material as a main 
25 raw material, between bonding surfaces of the structural 

bodies and provided with elastic sleeves, preferably made of 
a rubber material, disposed on a peripheral surface of the 
set of the structural bodies are placed in a tubular 
container with an elastic sheet disposed between the elastic 


7 

sleeves and the tubular container, the device charges a 
hydrostatic pressure medium between the tubular container 
and the elastic sheet to press and bond the structural 
bodies . 

5 For example, as shown in Fig. 1, Using a device 6 for 

bonding ceramic structural bodies of the present invention, 
a set of ceramic structural bodies 1, formed by applying a 
bonding agent between bonding surfaces of the structural 
bodies and by getting together, with the peripheral surface 

10 of the set being surrounded by elastic sleeves 7, may be 

placed on a bottom cylinder 11 in the bonding container 15 
having an elastic sheet 9 disposed on the inner wall of a 
tubular container 8. When the elastic sleeves 7 and the 
ceramic structural bodies 1 are placed in the bonding 

15 container 15 having the tubular container 8 and the elastic 
sheet 9 , the ceramic structural bodies 1 are vertically 
secured by the bottom cylinder 11 and top cylinder 10. 
Next, a hydrostatic pressure medium is charged between the 
tubular container 8 and the elastic sheet 9 to press the 

20 ceramic structural bodies 1 from the peripheral side toward 
the inside via the elastic sleeves 7 so that the pressure 
distribution may be uniform over the whole peripheral 
surface . 

Using the device 6 for bonding ceramic structural 
25 bodies of the present invention, the vertical position of 
the ceramic structural bodies 1 can be corrected by the 
bottom cylinder 11 and top cylinder 10 before the structural 
bodies are completely bonded by solidification of the 
bonding agent. In addition, since pressure is applied to 


8 

the ceramic structural bodies 1 from the peripheral side 
toward the inside via the elastic sleeves 7, an occurrence 
of a positional gap in the horizontal direction between the 
bonding surfaces 17 is inhibited, whereby ceramic structural 
5 bodies with no positional gap in the vertical and horizontal 
directions between the bonding surfaces 17 may be obtained. 
Moreover, since a uniform pressure is applied to the entire 
peripheral surface, the pressure applied to the bonding 
surfaces of the ceramic structural bodies is uniform, 

10 whereby a uniform distance between the bonding surfaces is 
ensured and a number of ceramic structural bodies can be 
bonded with equal distances. Therefore, when the ceramic 
structural bodies bonded with a bonding agent are dried, 
generation of cracks on the bonded surfaces are inhibited, 

15 whereby the finished ceramic structural body has improved 
strength and an excellent dimensional accuracy. 

In the device for bonding the ceramic structural 
bodies of the present invention, for example, it is 
preferable to make the elastic sleeves 7 contact with the 

20 ceramic structural bodies 1 and compress the sleeves 7 at a 
pressing speed of about 50-100 kPa/sec, then apply pressure 
to the ceramic structural bodies 1 at a low pressing speed 
of about 50-100 kPa/sec. Ceramic structural bodies can be 
bonded efficiently in a short time without being damaged by 

25 changing the pressing speed stepwise to apply pressure. 

After pressure is started to apply, until the elastic 
sleeves 7 are made to closely contact with the ceramic 
structural bodies 1 and compressed, no load is actually 
applied to the ceramic structural bodies 1 due to elasticity 
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of the elastic sleeves 7. Therefore, there is no risk for 
the ceramic structural bodies 1 to be broken by impact, and 
it is possible to apply the pressure at a high pressing 
speed. On the other hand, after the elastic sleeves 7 are 
5 made to closely contact with the ceramic structural bodies 1 
and compressed, load is actually started to apply to the 
ceramic structural bodies 1. Therefore, the elastic sleeves 
7 must be compressed at a low pressing speed to prevent the 
ceramic structural bodies 1 from being broken by impact. 

10 In the device for bonding ceramic structural bodies of 

the present invention, either one bonding container or two 
or more bonding containers may be provided to enclose the 
set of the ceramic structural bodies having the peripheral 
surface surrounded and supported by the elastic sleeves. 

15 When the device is provided with two or more bonding 

containers, such two or more bonding containers may have 
either the same diameter or different diameters. Although 
not shown in the drawings , if a device equipped with four 
bonding containers A, all having the same diameter, and 

20 another bonding container B having a diameter twice of the 

bonding container A is used, it is possible, for example, to 
bond four ceramic structural bodies X, all having the same 
configuration and the square cross-section, to obtain four 
ceramic structural bodies Y using the bonding containers A, 

25 and to bond the four ceramic structural bodies Y to obtain a 
ceramic structural body Z using the bonding container B. In 
this manner, it is possible to obtain the ceramic structural 
body Z composed of 16 ceramic structural bodies X bonded 
together using one device. 


10 

Although the device of the present invention can be 
used for bonding various ceramic structural bodies, it is 
particularly preferable to use the device to bond honeycomb 
ceramic structural bodies. 

5 

Examples 

The present invention is described below in more 
detail by examples. However, the present invention is not 
limited the following examples. 

10 As shown in Figs. 3(a) to 3(h), using two devices 6 

and 16 having different diameters, each having a bonding 
container 15 equipped with a tubular container 8 and a 
urethane rubber sheet 9 , a honeycomb structural bonded body 
24 was obtained by bonding 16 pieces of honeycomb segments 

15 21 made of ceramics with the same configuration. 

The honeycomb segment 21 has a cross-section of 35 mm 
X 35 mm and length of 152 mm. 

Each of the bonding containers 15 for the devices 6 
and 16 shown in Figs. 3(a) to 3(f) has a tubular container 8 

20 made of stainless steel with an about 1 mm-thick elastic 

sheet 9 made of urethane rubber being disposed inside. The 
devices 6 and 16 are provided with an air release plug and 
connected with a pressurizing pipe from a pressure 
device (not shown in the drawing). 

25 First, as shown in Fig. 3(a), four honeycomb segments 

21 with a bonding agent applied to the bonding surfaces were 
combined. Then, polyurethane rubber elastic sleeves 7 with 
a maximum thickness of 15 mm were disposed around the 
peripheral surface of a set of the four honeycomb segments 
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21 as shown in Fig. 3(b). 

An undercoat agent was previously sprayed over the 
bonding surfaces of the honeycomb segments 21. after that a 
bonding agent was applied to the bonding surfaces. The 
5 undercoat agent consisted of 35 % by mass of SiC # 35 % by 
mass of colloidal silica, and 30 % by mass of water. The 
bonding agent consisted of 39 % by mass of SiC, 30 % by mass 
of aluminosilicate, 20 % by mass of colloidal silica, 1 % by 
mass of an inorganic plasticizer, and 10 % by mass of water. 

10 Viscosity of the bonding agent may be about 200-500 p. The 
viscosity of the example was 400 p in this example. 

Next, as shown in Fig. 3(c), the bonding container 15 
of the device 6 was fixed on a table (not shown) and a 
bottom cylinder (not shown) was elevated from bottom surface 

15 to upper part of the bonding container 15. Then the set of 
the four honeycomb segments 21 surrounded by the 
polyurethane rubber sleeves 7 were placed on the bottom 
cylinder. Next, bottom cylinder was let down to lower part 
of the bonding container 15, and the set of the four 

2 0 honeycomb segments 21 surrounded by the polyurethane rubber 
sleeves 7 was placed in the bonding container 15. 

Next, a top cylinder (not shown) was placed on the 
honeycomb segments 21. A pressure of about 0.1 MPa was 
applied to the bottom cylinder and the top cylinder to hold 

25 and fix the honeycomb segments 21 between the bottom 
cylinder and the top cylinder. 

Then, a compression air valve (not shown) was opened 
to send compressed air at a pressure of 150 kPa between the 
tubular container 8 and the polyurethane rubber sheet 9, to 
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make the polyurethane rubber sleeves 7 closely contact with 
the peripheral surface of the set of the four honeycomb 
segments 21 and to compress the set. 

The four honeycomb segments 21 were pressed for 10 
5 seconds at a pressure speed of 50 kPa/sec. When the 

pressure was applied in this manner, the polyurethane rubber 
sleeves 7 were made to closely contact with the peripheral 
surface of the set of the four honeycomb segments 21. The 
four honeycomb segments 21 were bonded without a positional 

10 gap in the bonding surfaces due to the pressure uniformly 

applied over the entire peripheral surface of the set of the 
honeycomb segments to produce a bonded body 22 as shown in 
Fig. 3(d). Four bonded bodies 22 were obtained by repeating 
the steps shown in Figs. 3(a) -3(d) in the same manner as 

15 above. 

Using a device 16 with a large diameter having the 
same specification as the device 6 except for the diameter, 
and the same undercoat agent and bonding agent, the steps as 
shown in Figs. 3(e) and 3(f) were carried out in the same 
20 manner as in the steps as shown in Figs. 3(b) and 3(c) to 

obtain a bonded body 23 having four bonded bodies 22 (or 16 
honeycomb segments 21) shown in Fig. 3(g). A cylindrical 
bonded body 2 4 having a honeycomb structure was then 
obtained. 

25 

Industrial Applicability 

As described above, ceramic structural bodies can be bonded 
using the device of the present invention by a simple 
operation as compared with conventional technologies . A 
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ceramic structural body (bonded body) with a large diameter 
and excellent quality can be obtained. When the pressure is 
applied stepwise, the bonding operation can be carried out 
efficiently in a short time. 


